ABSTRACT
INTRODUCTION
Rectosigmoid endometriosis is one of the most severe presentations of endometriosis; it is defined as the presence of an endometriotic lesion infiltrating at least the muscular layer of the bowel wall. It may cause severe pain and gastrointestinal symptoms and, in some patients, it may cause bowel occlusion 1 . An accurate preoperative diagnostic workup of rectosigmoid endometriosis provides the patient with informed consent on the benefits and risks of medical and surgical treatment. Furthermore, if the patient is scheduled for surgery, the preoperative assessment is necessary to select an adequate surgical team, which may include a colorectal surgeon, and estimate the length of surgery.
Over the last 20 years, several techniques have been used to diagnose bowel endometriosis including transvaginal sonography (TVS) 2 , transrectal sonography 3 , magnetic resonance imaging 4 , rectal endoscopic sonography 5 and computerized tomography enema 6 . When performed by highly skilled sonographers, TVS is a reliable non-invasive method to assess the presence and extent of rectosigmoid endometriosis [7] [8] [9] . Injecting saline through a catheter into the rectum during TVS (rectal water-contrast TVS (RWC-TVS)) may facilitate identification of rectosigmoid nodules, assessment of the depth of infiltration of endometriosis in the intestinal wall and estimation of the degree of stenosis of the bowel lumen 10, 11 . It has been estimated recently that the learning curve for an accurate diagnosis of deep pelvic endometriosis by TVS requires performing the technique in at least 40 cases 12 ; therefore, it may be difficult for sonographers working in small centers to achieve such experience.
Computed tomographic colonography (CTC), also named virtual colonoscopy, is the radiological exam of choice for colorectal cancer screening. A few studies have used CTC for the diagnosis of intestinal endometriosis [13] [14] [15] [16] [17] ; however, limited data are available on the comparison of CTC with other diagnostic techniques 18 . Therefore, the objective of this prospective study was to compare the performance of RWC-TVS and CTC in the diagnosis of rectosigmoid endometriosis.
SUBJECTS AND METHODS

Objectives and study design
The primary objective of the study was to compare the accuracy of RWC-TVS and CTC in the diagnosis of rectosigmoid endometriosis. The secondary objectives were to compare the precision of the two techniques in estimating the length (mid-sagittal diameter) of the intestinal nodules and the distance between the lower margin of the nodules and the anal verge.
This prospective study was performed between October 2013 and August 2015. Participants were recruited among patients of reproductive age scheduled for laparoscopy with strong suspicion of intestinal endometriosis based on symptoms and clinical examination. Individuals were excluded from the study if they had previous surgical diagnosis of intestinal endometriosis, previous radiological diagnosis of intestinal endometriosis (based on magnetic resonance imaging or double-contrast barium enema), history of colorectal surgery (except appendectomy), previous bilateral ovariectomy, contraindications to bowel preparation or CTC (such as non-compliant patients and rectal malformations) or a psychiatric disorder.
CTC and RWC-TVS results were compared with surgical and histological findings. Different investigators performed CTC and RWC-TVS independently and blindly. Intestinal nodules located below the level of the insertion of the uterosacral ligaments on the cervix were defined as 'lower rectal nodules', lesions above this level and below the uterine fundus were defined as 'upper rectal nodules' and lesions located above the uterine fundus were defined as 'rectosigmoid nodules'. In this study, the interval between the two imaging techniques was 1-3 weeks. The pathway for patients included in the study is shown in Figure 1 .
The local ethics committee approved the study protocol. Patients participating in the study provided written informed consent.
Transvaginal sonography
A sonographer (S.F.) with extensive experience in the diagnosis of intestinal endometriosis (> 500 scans) Figure 2 ) 10, 19 . TVS enables identification of the normal layers of the rectosigmoid: serosa is seen as a thin hyperechoic line; muscularis propria is hypoechoic with the longitudinal smooth muscle (outer) and circular smooth muscle (inner) separated by a faint thin hyperechoic line; submucosa is hyperechoic; and mucosa is hypoechoic 20 . Rectosigmoid endometriotic nodules appear on TVS as a thickening of the hypoechoic muscularis propria or as hypoechoic nodules, with or without hyperechoic foci with blurred margins (Figure 3) 19 . The endometriotic nodule replaces the normal appearance of the muscularis propria; retraction and adhesions are often present; two different sonographic signs are used commonly to describe this condition, the so-called 'Indian headdress' sign (the presence of thin band-like echoes extending from the center of the mass) and the 'comet' sign (a nodular rounded aspect of the main lesion with a thin tail as the lesion tapers, similar to a comet tail) 21, 22 .
Computed tomographic colonography
Patients followed a low-residue diet for 3 days before the exam and a liquid diet in the 24 h before the exam. On the afternoon and the evening of the day before the exam, patients had an intestinal preparation based on sodium picosulfate (10.0 mg), light magnesium oxide (3.5 g) and anhydrous citric acid (10.97 g) (CitraFleet, Casen Recordati SL, Zaragoza, Spain). Fecal tagging was performed by asking patients to drink a dose of diatrizoate meglumine and diatrizoate sodium solution (Gastrografin; Schering, Berlin, Germany), diluted 1 : 1 with tap water at 6 pm on the day before the exam. A standardized examination protocol was used during the study. A 12-Fr Foley catheter was introduced by the radiologist into the distal rectum before the scan on the computed tomography (CT) bed. The catheter bulb was not distended as this maneuver may modify the anatomy of the rectovaginal septum 15 . The patients always had adequate anal tone to retain the catheter and gas. The colon was dilated with room air using a manual pump. A standardized volume of air (3-3.5 L) was introduced in the colon with the same number of manual pump inflations in all distensions.
The examinations were performed using a 16-section multidetector CT scanner (LightSpeed 16; GE Medical Systems). Patients were scanned in the supine and prone positions to ensure that all segments and bowel surfaces were examined adequately 15, 18 . No intravenous injection of iodinated contrast medium (ICM) was used. The entire abdomen was scanned as in conventional CTC and the colon was evaluated.
The dose length product (DLP) of CTC depends on the length of the abdominal surface of the patients, which is related to height. The volumetric CT dose index (CTDIvol) was used to quantify the intensity of the radiation being directed to the patient. Efforts were made to decrease the CT radiation dose, reporting an estimated dose in the range of 6-7 mSv. The low-dose approach may introduce excessive noise on images reconstructed with a conventional filtered back projection (FBP) technique, which can negatively affect the reader's confidence in rendering a diagnostic interpretation. To optimize the radiation dose in this population of patients of childbearing age, an adaptive statistical iterative reconstruction (ASIR; GE Medical Systems) technique was used. Several investigators validated the use of ASIR in improving the quality of images obtained by abdominal CT exams performed at 20-40% lower radiation dose than a conventional abdominal contrast-enhanced study [23] [24] [25] . In this study, all CTCs were performed using the ASIR convolution algorithm, which allowed a further limitation of the X-ray dose without a loss of image quality.
A radiologist with more than 5 years' experience in virtual colonoscopy scans (E.B.; > 500 cases) and in the diagnosis of intestinal endometriosis 6, 19, 26 monitored each scan on the main console to ensure that the quality of the scans was adequate for postprocessing.
A weight-based automated tube-current modulation technique was used with a tube-current range of 130-150 mA for patients weighing less than 70 kg, reducing the effective dose (abdominal volume acquisition wCTDI, 5-6 mSv). Collimation was 1.25 mm with a helical pitch of 1.375; the reconstruction interval (overlap) was 1 mm. Raw data were transferred to a workstation with a dedicated CTC software package (GE ADW 4.2.4, GE Medical Systems). Postprocessing was performed and various reconstructions were employed. The three-dimensional (3D) endoluminal fly-through (FT) and virtual dissection reconstructions allowed visualization of the lumen of the rectum, sigmoid and every part of the colon (Figures 2 and 3) . 3D images were used in cases of problem solving; the diagnosis was performed on the basis of two-dimensional (2D) images and multiplanar reconstructions (MPRs). Extracolonic assessment was performed based on 2D MPR images. Rectovaginal septum and extrinsic bowel wall impressions were further assessed with 3D transparent view reconstruction (Figure 4) .
Rectosigmoid endometriotic nodules appear on CTC as strictures that usually involve a quarter, half or a variable part of the circumference of the bowel wall and are constant on both the supine and prone scans 15 . These strictures may be highlighted by the 3D endoluminal FT reconstructions. Transmural invasion of endometriosis can be observed on MPR.
Tolerability of rectal water-contrast transvaginal sonography and computed tomographic colonography
Adverse events occurring during the exams were recorded. Immediately after each exam, the patients rated the pain perceived on a 100-mm visual analog scale (VAS).
Assessment of pain and gastrointestinal symptoms
The presence and severity of dysmenorrhea, dyspareunia, non-menstrual pelvic pain and dyschezia were evaluated using a 100-mm VAS. Patients completed a symptom analog scale questionnaire (1 indicated absence of the symptom and 10 indicated the highest severity of the symptom) regarding each gastrointestinal symptom.
Surgical technique and histological evaluation
The surgeons examined the reports and the images of CTC and RWC-TVS prior to laparoscopy; however, the diagnosis of rectosigmoid endometriosis and its treatment were based on laparoscopic findings (Figures 3 and 4) . A rectal probe was used to measure the distance between the rectosigmoid endometriotic nodule and the anus. The same pathologist examined all specimens excised at surgery.
Statistical analysis
Accuracy, sensitivity, specificity, positive predictive value and negative predictive value were calculated for both RWC-TVS and CTC. The diagnostic value of each test was also assessed using positive likelihood ratio and negative likelihood ratio. Efficacy parameters were calculated with 95% CIs. McNemar's test with Yates's continuity correction was used to compare the accuracy of RWC-TVS and CTC in the diagnosis of intestinal endometriosis. The precision of the measurements of nodule size and distance from the anal verge by the two imaging techniques was estimated by subtracting the size of the nodule as measured by the techniques from the size of the nodule as measured at histological examination. The Kolmogorov-Smirnov normality test was used to assess the normality of distribution of continuous variables. The non-parametric Mann-Whitney U-test was used to compare the intensity of pain experienced by the patients during RWC-TVS and CTC. Data were analyzed using SPSS Statistics version 20.0 (IBM Corp., Armonk, NY, USA). P < 0.05 was considered statistically significant.
RESULTS
Characteristics of study population and rectosigmoid endometriotic nodules
Seventy patients with suspected rectal endometriosis were included in the study. Mean ± SD age was 35.7 ± 5.1 years. At the time of the study, 19 patients were not using hormonal therapies, 25 were taking estroprogestin combinations (19 with oral contraceptive pill and six with vaginal ring), 13 were on norethisterone acetate, seven on dienogest, three on desogestrel and three on gonadotropin-releasing hormone analog. Forty (57.1%) patients had a surgical diagnosis of rectosigmoid endometriosis. The presence and intensity of pain and the gastrointestinal symptoms are reported in Table 1 . Endometriosis was located on the rectosigmoid in 17 patients, on the upper rectum in 16 and on the lower rectum in seven. The mean ± SD length of the endometriotic nodules was 25.7 ± 6.2 mm. Histological examination of the surgical specimens revealed that endometriosis infiltrated the muscularis propria in 28 patients, the submucosa in seven and the mucosa in five. Table 2 shows the performance of RWC-TVS and CTC in the diagnosis of rectosigmoid endometriosis. McNemar's test showed that there was no significant difference in the accuracy of the two techniques for the diagnosis of rectosigmoid endometriosis (P = 0.508).
Accuracy of rectal water-contrast transvaginal sonography and computed tomographic colonography in diagnosis of rectosigmoid endometriosis
RWC-TVS and CTC estimated similarly the length of the endometriotic nodules (P = 0.077), independent of their location in the lower rectum, upper rectum or rectosigmoid (Table 3) .
CTC was significantly more precise than RWC-TVS in estimating the distance between the lower margin of the rectosigmoid nodule and the anal verge (Table 4 ; P < 0.001). At histological examination, multifocal disease (presence of one or more lesions that affected the sigmoid colon that was associated with the colorectal primary lesion) was found in five (12.5%) patients with endometriosis. Table 5 shows the performance of RWC-TVS and CTC in the diagnosis of multifocal rectosigmoid endometriosis.
McNemar's test showed that RWC-TVS was significantly more accurate than CTC in the diagnosis of multifocal rectosigmoid endometriosis (P < 0.001).
The mean ± SD overall occupation time of the examination room was 24 ± 5 min for CTC and 16 ± 5 min for RWC-TVS (P < 0.001). 
Tolerability of rectal water-contrast transvaginal sonography and computed tomographic colonography
In this study, the CTDIvol ranged from 5 to 6 mSv and the DLP varied from 210 to 280 mSv cm, depending on the abdominal surface of the patient. No adverse event occurred during CTC; in all patients, intestinal distension was well tolerated without relevant adverse effects. No patient required interruption of RWC-TVS or CTC. The mean ± SD intensity of pain experienced during CTC was higher than that perceived during RWC-TVS (VAS, 39 ± 15 vs 28 ± 11 mm; P < 0.001).
DISCUSSION
TVS has been used extensively in patients with rectosigmoid endometriosis 8, 9 , while there are few data available on the use of CTC in these patients [13] [14] [15] [16] 18 . This study demonstrates that CTC and RWC-TVS have similar accuracy in the diagnosis of rectosigmoid endometriosis. Both techniques estimated precisely the length of the rectosigmoid nodules, but CTC was more precise in assessing the distance between the endometriotic nodule and the anal verge. Indeed, the extensive experience of the radiologist and the gynecologist performing CTC and RWC-TVS, respectively, may have influenced the accuracy of these techniques in diagnosing bowel endometriosis. There are several technical differences between the CTC technique used in this study and those described by others. In the current study, the colon was dilated with room air by a manual pump while in previous studies the colon has been insufflated with carbon dioxide 15, 17, 18 and an automated insufflation device has been used [15] [16] [17] . Manual insufflation with room air may be more uncomfortable for the patient and may lead to lesser bowel distention than by automated devices 15 . No ICM was used in this study, while other authors used ICM to increase the visibility of endometrial deposits and enhance ureteric assessment 15, 18 . These technical differences did not influence the accuracy of CTC in diagnosing bowel endometriosis compared with the published data. The sensitivity of CTC observed in the current study (92.5%) is similar to that described previously (96%) 18 ; the specificity (86.7%) is superior to that previously reported (48.0%) 18 . Unfortunately, most of the previously published studies did not report the efficacy parameters of CTC in the diagnosis of bowel endometriosis [15] [16] [17] .
The major limitation of TVS is that it enables diagnoses of only rectosigmoid nodules because lesions located above the sigmoid are beyond the field that can be explored by TVS. CTC has the advantage of investigating the entire bowel, allowing diagnosis of multicentric lesions (i.e. right colon, ileus, ileocecal junction or appendix) 14 . This study compared the performance of RWC-TVS and CTC in the diagnosis of rectosigmoid endometriosis and no patient included in this study had multicentric lesions diagnosed at CTC or surgery. However, since TVS cannot diagnose multicentric lesions, a comparison between the two techniques could not be performed. Future studies with larger sample size should investigate the accuracy of CTC in diagnosing endometriotic lesions of the whole colon. Another limitation of this research is that, during the study period, rectosigmoid endometriosis was treated surgically only by segmental bowel resection. Therefore, it was not possible to estimate whether the preoperative workup might influence the type of surgery performed. An advantage of CTC compared with RWC-TVS is that it may enable other indirect signs of intestinal pathologies to be identified (i.e. lymphadenopathies, ascites and calcifications), which in some cases may cause symptoms mimicking intestinal endometriosis.
The most relevant disadvantage of CTC compared with RWC-TVS is the exposure to X-rays; however, a low-dose CTC protocol was used. The range of the CTDIvol was always 5-6 mSv, depending on the woman's abdominal surface; this was in agreement with the recommendations of the American College of Radiology 27 . In the current study, bowel cleansing was used before both RWC-TVS and CTC. However, before RWC-TVS, bowel preparation was very simple (rectal enema) and others have not used a rectal enema before TVS 8 . In contrast, bowel cleansing is critical before CTC because residual stools may mimic polyps or they may hide a colonic lesion 14, 15, 28 . Another disadvantage of CTC without intravenous injection of ICM is that it does not allow estimation of the depth of infiltration of endometriosis in the intestinal wall, while TVS estimates this parameter reliably 19 . Although the evaluation of other forms of deep infiltrating endometriosis by CTC has been described previously 15 , in this study ICM was not used and the assessment of other forms of deep infiltrating endometriosis was not performed. An advantage of TVS is that it has high specificity in the diagnosis of non-intestinal deep endometriotic lesions 29 .
Although TVS should be considered the first-line investigation for the diagnosis of rectosigmoid endometriosis, CTC may be considered in settings in which sonographers experienced in the diagnosis of endometriosis are not available. CTC can be performed as a quick outpatient scan; the entire exam takes approximately 20 min, with an actual scan time of 8 s. The scanner table slides into a wide-open ring rather than a tunnel, thus facilitating the tolerability of the exam. CTC is relatively inexpensive and it may replace multiple other imaging investigations (such as magnetic resonance imaging or multidetector CT enema). At our institutions, the cost of CTC is approximately 30% more than a double-contrast barium enema and 50% less than optical colonoscopy.
Evidence is available on the reproducibility and generalizability of RWC-TVS 2, 12, [29] [30] [31] . The inter-/intraobserver agreement and diagnostic accuracy for the interpretation of the TVS 'sliding sign' in the prediction of pouch of Douglas obliteration is high for observers who are trained in gynecological ultrasound 32, 33 . Two learning curve studies showed that 36-40 scans are required to achieve competency for TVS diagnosis of bowel endometriosis and pouch of Douglas obliteration 12, 31 . Conversely, no data on the reproducibility and generalizability of CTC are available. Future studies should assess the role of CTC in the diagnostic workup of patients with bowel endometriosis in all clinical settings and not just in tertiary referral centers.
In conclusion, this study shows that RWC-TVS and CTC have similar accuracy in the diagnosis of rectosigmoid endometriosis. Patients tolerate better RWC-TVS than CTC; however, CTC is more precise than RWC-TVS in estimating the distance between endometriotic bowel nodules and the anus. Future studies should assess the role of CTC in diagnosing whole colon endometriotic lesions in patients with rectosigmoid endometriosis diagnosed by TVS. If CTC is shown to be accurate in this diagnosis, it may be combined with TVS to achieve a complete preoperative assessment of the bowel in order to offer patients adequate counseling and the most appropriate one-step surgical treatment.
